Human PRL-1, PRL-2 and PRL-3 (phosphatase of regenerating liver) represent a family of highly homologous protein tyrosine phosphatases encoded by genes located on chromosomes 6q12, 1p35 and 8q24.3, respectively [1]. Their expression in different human tissues is not well documented but it is known that in adult rodents [2] they are preferentially expressed in skeletal muscle; in addition, mRNA of PRL-1 was found in relatively significant amounts in brain while mRNA of PRL-3 was found at high levels in heart [2, 3] .
Introduction
Human PRL-1, PRL-2 and PRL-3 (phosphatase of regenerating liver) represent a family of highly homologous protein tyrosine phosphatases encoded by genes located on chromosomes 6q12, 1p35 and 8q24.3, respectively [1] . Their expression in different human tissues is not well documented but it is known that in adult rodents [2] they are preferentially expressed in skeletal muscle; in addition, mRNA of PRL-1 was found in relatively significant amounts in brain while mRNA of PRL-3 was found at high levels in heart [2, 3] .
The particular attention paid to PRL-3 is due to its involvement in tumour metastasis. Thus, it is consistently elevated in metastasis of colorectal cancer although in normal colorectal epithelium and in non-metastatic tumours PRL-3 is expressed at significantly lower levels [4] . Further studies reported the overexpression of PRL-3 in other cancer forms, like liver carcinoma [5] , vasculature of invasive breast cancers [6] , ovarian cancer [7] and in gastric carcinomas [8] . As an additional support for its involvement in cancer metastasis it was shown that Chinese hamster ovary cells overexpressing PRL-3 exhibited increased motility and invasiveness and promoted metastatic tumours formation in mice [9] .
As concerning the intracellular localization, PRL-3 has been found at the cytoplasmic and nuclear membrane and as intracellular punctate structures scattered throughout the entire cytoplasm [10] . Also, PRL-3 was found at the metaphase plate in the progression of cells through mitosis [5] . Similarly, although PRL-1 was initially reported to be localized to the nucleus [3] , most of later reports provide evidence for its localization at plasma membrane, early endosomes and endoplasmic reticulum [10] [11] [12] . Membrane association of all three forms of PRL family seems to be directly dependent on their C-terminal prenylation because in absence of prenylation they shifted into the nucleus [10] . Notably, it was reported that expression of PRL-1 became more consistently nuclear as development progressed [13] . Based on this finding it has been suggested that PRLs localized to the nucleus might play a role in terminal differentiation or its localization to the membranes may contribute to the cell growth and metastasis [1] .
Despite the large number of reports related to the involvement of 
Materials and methods

Construction of PRL-3 truncated and mutant forms
Phosphatase activity assay
Enzymatic assays were carried out with 3-O-methylfluorescein phosphate (OMFP) and 6,8-difluoro-4-methylumbelliferyl phosphate (DiFMUP) as © 2008 The Authors Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Constructs
Template Forward primer Reverse primer [16, 17] . To evaluate the significance of the N-terminal and C-terminal part for enzymatic activity of PRL-3 we obtained corresponding N-and C-terminal truncated forms (Fig. 1) . [18] . The N-terminal basic residues of a similar bipartite NLS are directly involved in binding importin ␣, the nuclear import receptor, forming salt bridges with negatively charged residues lining the binding groove [19, 20] (Figs 1 and 2 ). Glutamine residues, as relatively long residues containing polar but non-basic end groups, were chosen to replace the basic residues lysine and arginine of the putative signalling sequence. HeLa ( Fig. 2A) (Fig. 2, PRL-3) . (Fig. 2, PRL-3-⌬C) . These findings are in agreement with previously published results of Zeng et al. [10] [18] . (Fig. 1) . Corresponding proteinsincluding the PRL-3 -were expressed in prokaryotic expression system and the purified protein preparations displayed a high purity (Fig. 3A) .
A C-terminal truncation mutant was ectopically expressed in mammalian cells to study its subcellular localization. Additional mutant forms of PRL-3 were obtained in order to analyse the relevance of the putative, C-terminal NLS. Thus, the sequence KRRX12KYRPKQRLRFK (amino acid positions 136-161) suggests a bipartite NLS, being composed of an initial triplet of basic amino acids, a spacer of 10-12 residues and a final stretch of predominantly basic residues
. Substitution of these N-terminal basic residues of NLS for non-basic residues should therefore considerably modify the nucleocytoplasmic transport of the cargo protein. Following this line we substituted the KRR basic residues for the QLQ sequence of non-basic amino acidic residues (construct denoted PRL-3-NLS) and subsequently evaluated the subcellular localization of the corresponding mutant PRL-3 form
, CHO (Fig. 2B), and COS7 (Fig. 2C) cells were used for transfection in order to analyse whether PRL-3 constructs might localize differently in different cell lines. As expected, EGFP-PRL-3 WT was found as punctate structures in the cytoplasm and also associated with plasma membrane
Removal of the four C-terminal amino acids in EGFP-PRL-3 ⌬C4 leads to redistribution of the protein throughout the cytosol and within the nucleus, confirming that in absence of farnesylation the protein has mainly nuclear localization
demonstrating that all three forms of PRL associate in a prenylation-dependent manner with plasma membrane and the early endosome. Surprisingly, the mutated form EGFP-PRL-3-NLS in which the stretch of the first three basic residues was replaced by a triplet of neutral amino acids, has a similar localization with WT form of PRL-3. On the other hand, additional removal of the C-terminal CCVM box within the EGFP-PRL-3 ⌬C4-NLS construct seems to determine the localization of the protein to the nucleus. In cases of all three cell lines similar localization of the proteins were observed. These results support the fact that the KRRX12KYRPKQRLRFK sequence cannot be considered a NLS given that the presence of both basic domains in a bipartite NLS is essential for the nuclear targeting of a protein
In principle, it can be imagined that the presence of the four C-terminal amino acids controls not only the prenylation of the protein but also its enzymatic activity. In order to evaluate this possibility as well as the possible involvement of the first 10 Nterminal amino acids we determined the steady-state kinetic parameters of the WT, the C-terminally truncated and of the N-terminally truncated PRL2-WT
The activity with para-nitrophenyl phosphate (pNPP) was extremely low so that determination of accurate values of kinetic parameters was not possible (data not shown). Subsequently alternative phosphatase substrates -OMFP and DiFMUP -were used because the values of the enzymatic activity in these cases
were considerably higher than with pNPP. construct is situated between those for WT and ⌬C4 constructs suggesting that the N-terminus might play an activating role on the catalytic efficiency when the C-terminal box is missing. To determine whether the inhibitory effect of the CCVM box could be a result of partial oligomerization due to disulfide bridge formation we tested the electrophoretic behaviour of PRL-3 constructs under non-reducing conditions. Figure 3B shows (Fig. 4) (Fig. 4) .
The specificity constant for the N-terminally truncated PRL-3 ⌬N10 construct was essentially similar to that of PRL2-WT, although both the turnover number kcat and the Michaelis constant Km slightly decreased as compared to those for the WT (
Fig. 2 Cellular localization of wild-type and mutant forms of PRL-3, fused with EGFP. EGFP-tagged PRL-3 constructs were introduced by Lipofectamine transfection in HeLa (A), CHO (B) and COS (C) cell lines and visualized after approximately 24 hrs. DAPI stain was used for the visualization of the cell nucleus in fixed cells (second columns). Fluorescence of PRL-3 constructs is shown in the first columns while merge of DAPI staining in EGFP-
Discussion
The similar cellular location of WT and of EGFP-PRL-3-NLS mutant forms invalidates the hypothesis that KRRX12KYRPKQRLRFK is a NLS and at the same time raises the question what could be the role of this well-conserved -predominantly basic -C-terminal
sequence. An interesting alternative formulated by Zeng et al. [10] is that the positively charged C-terminus could be involved in the membrane targeting of the protein through electrostatic interaction with negatively charged phospholipid heads located in the membrane. In a similar manner, the C-terminal polybasic region of Kras4B within the hypervariable domain, in combination with the prenylation CAAX motif, specifically direct the protein to the plasma membrane [21, 22] 
